This study describes characteristics of students with acquired brain injury enrolled in a statewide educational consultation program and the program's support activities. Utilizing deidentified data from a statewide brain injury school consultation program, descriptive analyses of demographic and injury characteristics, including medical diagnosis (concussion/mild traumatic brain injury [TBI], moderate-severe TBI, and non-TBI), referral characteristics, educational placement, and the types of program activities were undertaken. 70% of students were referred for concussions/mild TBI and students were infrequently referred by medical professionals. Most students with concussion/mild TBI experienced recreational injuries (59%), while students with moderate/severe TBI commonly experienced road traffic injuries (48%). The greatest proportion of program team members' time was spent in consultation with school personnel (24%), communication with families (20%), and communication with school personnel (16%). Results suggest that the program addresses important communication and coordination needs among families, medical professionals, and educators and identifies opportunities to enhance program utilization.
Introduction
In recent years, acquired brain injury (ABI), comprising both traumatic and nontraumatic injuries, has received increased attention as both a leading cause of death and disability in children and young adults.
1,2 While a recent decrease in deaths due to traumatic brain injury (TBI) has been observed, 1 increasing numbers of children and adolescents require medical care and ongoing support in returning to activities following TBI. 2 School-aged children and adolescents have the highest rates of ABI 1 and national data suggest an increasing incidence of concussion, particularly among adolescents. 3 This highlights an urgent need for novel policies, practices, and programs to support injured youth, especially related to academic support and school reentry. ABI contributes to impairments, including cognitive, speech-language communication, memory, attention/concentration, reasoning, abstract thinking, physical functioning, psychosocial behavior, and information processing. [4] [5] [6] [7] [8] Among children and adolescents with ABI, these impairments may contribute to significant challenges in educational attainment. 9, 10 Many youth with ABI earn lower grades, are more likely to experience grade retention, and require more special education services than their noninjured peers. 11, 12 Frequently, school personnel are called upon to understand ABI and ensure that the academic needs of affected students are adequately met, 13 despite limited knowledge of or training that is ABI-specific to support students.
educational outcomes for youth with ABI. In 2007, the Pennsylvania Department of Health established BrainSTEPS to provide educational consultation and training to schools to improve the quality of education for students with ABI. BrainSTEPS, implemented by the Brain Injury Association of Pennsylvania (BIAPA), supports statewide programming for children and adolescents with ABI. The 31 BrainSTEPS teams, led by one statewide program coordinator, are comprised of nearly 300 educators, medical rehabilitation professionals, and parents, who are trained in understanding the educational needs of students following ABI. Employers provide team members time to engage in program activities. Teams provide consultation and education to school personnel regarding educational plans, accommodations, and modifications with the purpose of supporting students' return to the classroom and improving educational outcomes. Team members participate in the development of Individualized Education Programs (IEPs) for special education needs, 504 Plans for educational accommodations, interdisciplinary collaboration between families and medical, rehabilitation, and school personnel, and support classroom teachers in adjusting curricula and teaching strategies. BrainSTEPS addresses a critical need by providing school personnel, families, and students with the information and resources necessary to understand the effects of ABI on educational performance. 15 The BrainSTEPS infrastructure affords the opportunity to examine educational needs of youth with ABI, both acutely and longitudinally. Importantly, BrainSTEPS provides a continuous source of programmatic data regarding educational modifications intended to facilitate success for students with ABI. The present study established the processes and procedures by which limited BrainSTEPS data could be shared for research purposes, and identified strengths and limitations of the data to facilitate research efforts. This study described the characteristics of students with acquired brain injury receiving BrainSTEPS services since 2008 and the educational support activities provided by the program for students with ABI in Pennsylvania. Results from this study may inform potential efforts to improve the timely referral of youth to services by medical and rehabilitation professionals.
Participants and Methods
This retrospective study utilized data from the BrainSTEPS online data collection system. Programmatic, deidentified student-level data were extracted and shared with investigators at Children's Hospital of Philadelphia (CHOP). This study was deemed exempt by CHOP's Institutional Review Board, as all activities were limited to analysis of deidentified existing data.
Participant Eligibility
Children and adolescents with ABI are referred to BrainSTEPS from a variety of sources, including healthcare professionals, school personnel, and families/caregivers. BrainSTEPS team members continuously engage in outreach to schools, rehabilitation centers, and healthcare providers to encourage timely referral of youth with ABI. Anyone with knowledge of a student with an ABI can make a referral either via the BrainSTEPS website 16 or by directly contacting a BrainSTEPS team.
Eligible students resided in Pennsylvania and experienced an ABI. BrainSTEPS services target students in kindergarten through 12th grade, but many teams provide consultation to early intervention providers for children younger than 5 years. BrainSTEPS consultation continues until students' educational needs are resolved or until appropriate plans are in place to address ongoing needs. The goal of the BrainSTEPS program is for teams to conduct annual check-ins with schools and families, to ascertain educational needs until high school graduation. BrainSTEPS services can be reinstated at any time at the request of health care providers, school personnel, parents/families, or students. The present study included data from January 2008 through June 2016. Participants included all students who received BrainSTEPS services, regardless of data completeness, consultation services received, or length of program participation.
Data Sources
Data were extracted and deidentified by BIAPA team members and shared electronically with CHOP investigators for analysis. All dates, including date of injury and referral, were converted to month and year only. Free-text notes, which often contained identifying student or family information, were removed to maintain anonymity. Data were classified into 2 domains: individual, student-level characteristics and BrainSTEPS team activities.
Student-level demographic characteristics included gender, age at injury, and age at referral. Student-level injury characteristics included diagnosis (categorized as concussion/mild TBI; moderate/severe TBI; non-TBI) and mechanism for both traumatic and nontraumatic ABI. Additionally, classroom grade at referral and educational placement at the time of injury and at time of referral were provided. Students' educational placement included homebound, preparing for school reentry, out of 
Data Analysis
Frequencies and percentages were used to describe categorical variables. Mean, standard deviations, and ranges were reported for continuous variables. Fisher's exact tests and chi-square tests were used for bivariate categorical analyses and Student's t test and 1-way analyses of variance were used for comparisons of continuous data. Data were analyzed in SAS (Version 9.3).
Results

Data Quality
There were 3493 deidentified student records included from the 8-year study period (January 2008 to June 2016). Most variables examined had low levels of incomplete data (<3%), including medical diagnosis, gender, age at injury and referral, grade at injury, and mechanism of injury. Educational placement at time of referral had the greatest proportion of incomplete data, ranging between 6.0% and 18.3%.
Student Demographics
Student characteristics are described in Table 2 . The majority of students were referred for concussions/mild TBI (69.9%). Overall, similar proportions of males and females were referred to BrainSTEPS for concussions/ mild TBI, however males were more likely than females to be referred with moderate/severe TBI and non-TBI (P < .001). Age at injury ranged from 0 to 19 years, and students with concussions/mild TBI were significantly more likely to be older than students with moderate/ severe TBI and those with non-TBI, F(2, 3378) = 512.22, P < .001. Similarly, students with concussions/ mild TBI were older at time of referral than students with moderate/severe TBI and those with non-TBI, F(2, 3378) = 192.63, P < .001. While students who experienced concussions/mild TBI were referred to BrainSTEPS within several months of their injury, more than a 2-year difference between age at injury and referral was observed for students with moderate/severe TBI and non-TBI (2.2 and 3.3 years, respectively).
The most common injury mechanisms for students with concussion/mild TBI were sports-related (59.9%), falls (20.0%), and road traffic injuries (10.3%). However, for students with moderate/severe TBI, the majority sustained road traffic injuries (47.7%), falls (13.7%), and sports-related injuries (9.0%). Among students with non-TBI, the most frequent injury mechanisms included tumors (26.0%), seizure disorders (20.0%), and strokes (17.6%). Across all medical diagnoses, school personnel were the most common referral source. Students with concussion/mild TBI were more likely to be referred by family members and physicians than students with moderate/severe TBI or non-TBI, whereas students with moderate/severe TBI and non-TBI were more likely to be referred by rehabilitation providers and county educational service agencies (P < .001).
At the time of injury, most students were enrolled in regular education (Table 3) . However, by the time of program referral, most students with concussions/mild TBI were enrolled in regular education either with (38.9%) or without accommodations (23.3%). Nearly one-third of students with moderate/severe TBI were receiving special education (32.4%). The majority of students with non-TBI were enrolled in special education (49.3%), with equal proportions enrolled in regular education with and without accommodations (11.9%).
Program Activities
The greatest proportion of BrainSTEPS team members' time was spent on consultation with school personnel (23.8% of total time) (Figure 1 ). Example activities included providing consultation regarding modifications to the classroom environment, instructional method, and curricular content; use of behavioral strategies and assistive technology; and demonstration of interventions for school personnel. Communication activities, including communication with families (19.8% of total time) and communication with schools (16.0% of total time) were the next most frequently documented activities. Consultation with the student was frequently documented (12.1% of total time) and team members reported a considerable amount of time spent participating in meetings to address formalized accommodations and modifications to students' educational plans (11.7% of total time).
Discussion
This study describes the characteristics of students and the activities provided by a statewide program to support educational success following brain injury. BrainSTEPS data are particularly unique, as few states have developed such a comprehensive database to track students with brain injury from the time of program referral until high school graduation. These results highlight that data sharing, while protecting the anonymity and confidentiality of program participants, is possible and that a majority of these data are complete, providing a robust source of analytic data and the opportunity to consider innovative ways to utilize these data with other administrative data sources. The extensive time spent by BrainSTEPS team members on consultation and communication with school personnel, indicate the continued need to provide education and consultation to teachers, administrators, and other school personnel to address the academic needs of the growing population students with ABI. Programs such as BrainSTEPS are designed to support families and school personnel in affording students' the opportunity to return to school with the necessary support to attain educational success.
Pennsylvania has established the infrastructure and resources to provide educational school-focused support for youth with ABI. The Colorado Department of Education established a similar model several years ago and recently adopted the BrainSTEPS model statewide, which began providing services in fall 2016. 17 A similar program has existed in Oregon for more than 2 decades and exclusively provides services to students with TBI.
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This study offers a comprehensive examination of the activities undertaken by educational brain injury support teams, as well as the demographic and injury characteristics of students receiving services across an entire state. Since 2007, the BrainSTEPS Program has encompassed key components of 2 recently published white papers by The National Collaborative on Children's Brain Injury. 19, 20 BrainSTEPS advocates for the creation graduation, recognizing that new issues impacting educational success may emerge throughout the period of rapid adolescent brain development, regardless of the severity of pediatric ABI. In prior studies, both parents and students report that support from teachers, increased knowledge among educators, and understanding the need for and importance of educational modifications, are critical for educational success following ABI. [22] [23] [24] Echoing these needs, our study observed that the largest proportion of BrainSTEPS team members' time was dedicated to in-school activities, including consultation with and training of school personnel regarding educational modifications and communication with school personnel. These data may reflect limitations in the preservice and in-service knowledge and skills of educators regarding needs of students with ABI. 20, 25 Efforts, such as those undertaken by BrainSTEPS teams, are one way to directly address families' concerns regarding educational engagement and enhance the likelihood of continued academic participation and success.
An average delay of over a year was observed between age at injury and age at referral to BrainSTEPS. Further study is needed to elucidate whether this is an artifact of these data, which include the period of program start-up, or whether efforts to further disseminate information to healthcare and rehabilitation providers are necessary. Increased knowledge of program services among healthcare and rehabilitation providers may enhance the timely referral to the program and reduce the time to program initiation among injured students. Fewer than 20% of students were referred to the program by medical and rehabilitative program staff, however, referral from medical rehabilitation providers may enable BrainSTEPS teams to connect with families more quickly and enhance the ability to support students' return to school following ABI. 9 Successful examples of referrals by hospital personnel to educational support programming exist for youth recently diagnosed with cancer 26, 27 and chronic illnesses, 28 suggesting that early access to educational support, facilitated by health care providers, is feasible. While most students were referred to the program by school personnel or families, further research is needed to understand the motivation for these referrals and the factors involved in referral delays and how efforts to improve earlier program referral could be implemented.
The intensive nature of communication efforts required to address the postinjury needs of youth following ABI are clearly highlighted by these data. In particular, BrainSTEPS team members spent extensive time communicating with families to identify areas of educational strengths and needs. Families require effective and extensive communication regarding educational activities and developing comprehensive plans for school reintegration and success. 24, 29, 30 A unique opportunity exists for professionals, such as BrainSTEPS team members, to work with families to identify areas of academic concern with the goal of facilitating effective collaboration within the educational system.
Interestingly, there were several activities that comprised a limited proportion of BrainSTEPS team members' time, including consultation with students and meetings regarding formalized educational modifications (eg, IEP and 504 plans). It is unclear from these data whether the limited time documented on such efforts reflects how team members record activities or how team members' activities are classified. Based on team members' informal reports, one possibility is that BrainSTEPS teams perform these activities in the context of more frequently documented activities. Further, because teams operate locally, variability may exist in how teams document their activities. Enhancing the complete and standardized documentation of BrainSTEPS activities is an important avenue for future programmatic efforts. Additionally, understanding the outcomes associated with each activity may help inform continued refinement of program implementation. Efforts to describe the specific activities that take place in the context of consultation and communication may help to identify the outcomes realized through these activities.
Although the majority of students (70%) referred to BrainSTEPS experienced concussions/mild TBI, many students across all ABI types experienced a change in educational placement following their injury, specifically an increased proportion of students who were enrolled in special education at time of referral. However, Glang et al 9 suggest that frequently students with TBI, who qualify for special education services, fail to receive necessary educational support. BrainSTEPS team members may play a critical role in addressing students' unmet educational needs. Further, while homebound services are intended to be short-term accommodations during the early recovery period, more than 10% of students continued to receive homebound services, despite the prolonged time between injury and referral. Presently, data on educational placement following BrainSTEPS participation is limited, but this is an important outcome for both future programmatic and research purposes.
This study has several limitations. First, we analyzed data that were not specifically collected and designed for research purposes. While much of the data, particularly demographic and injury-specific data were complete, several data fields were less reliably complete and inconsistent, including educational placement. Program efforts to track educational placement data longitudinally have been limited by program capacity and financial constraints. These data may be particularly useful for identifying the specific needs of students with ABI, tracking changes in needs, and documenting programmatic success. This suggests several areas of continued refinement in data collection procedures, such as seeking additional sources of administrative data, including school and medical records, to augment the existing data collection processes and address additional outcomes. Second, given the voluntary nature of BrainSTEPS team membership and the variable amount of time members dedicate to this program, team members necessarily must prioritize school, family, and student contact over data entry tasks. There is a need for funding directed to program staff to provide dedicated time to conduct BrainSTEPS activities, including the creation of funded team leader positions to oversee BrainSTEPS teams' activities. Additionally, given the number of students injured and referred to the program annually, funding is necessary to continue to provide comprehensive services to referred youth and to enhance longitudinal data collection efforts. Finally, these data do not comprehensively represent all Pennsylvanian youth with ABI. There is no system presently in place to automate referral of eligible students on medical or rehabilitation discharge. Therefore, these data are not generalizable to the experience or demographics of students not participating in the program.
Conclusion
This study offers insight into the implementation of a comprehensive statewide brain injury educational support program and demonstrates the feasibility of tracking educational support services provided to a cohort of students and their families following ABI. Importantly, this study identifies several areas of potential programmatic and research enhancements, including increased outreach to healthcare providers to enhance timely program referral, expanded data acquisition to include sources of administrative data, and identifying sources of support to track longitudinal outcomes. This study also identifies opportunities for additional research, including understanding the content of documented team activities and examining youth-, parent-, and educator-reported outcomes to measure success across diverse domains. Such efforts may help BrainSTEPS identify and define educational advocacy and support best practices for youth with ABI. These data would provide the comprehensive details necessary to help predict the specific needs of students over their academic careers and would assist in developing appropriate plans for enhancing students' educational success following ABI.
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